BY studying the life of various kinds of spontaneous and induced tumors in animals, it has been found that they sometimes undergo irreversible changes in character. For example, a papilloma induced in mouse skin by applications of carcinogen, may become a carcinoma, so changing its character; or a spontaneous tumor of the mouse breast responding to pregnancy by an increase in growth rate may change its character and no longer respond to this stimulus. Foulds (1949stimulus. Foulds ( , 1950stimulus. Foulds ( , 1951) made a special study of these changes in character, calling them " progressions ", and defining " progression " as an " irreversible, qualitative change " in a tumor.
clipped free of hair with scissors. Each application of carcinogen was one drop from a glass dropper, and the treatment was continued until all the mice were dead.
Each mouse was numbered by ear clipping, and as tumors began to appear was examined weekly and the tumors charted. For the charting, graph paper with 1 in. and -l) in. squares was used. A 1-in. square was taken to represent the painted area, and the tumors drawn to scale. The small squares made it much easier to identify the individual tumors, and reduced the possibility of confusion. Because of the large number of tumors, accurate measurements were found impracticable. However, the tumors were charted only by the authors, and their sizes were estimated. The sizes so estimated are, of course, not exact, but they are thought sufficiently accurate for the purposes of this investigation. The measurements recorded on the charts illustrating this paper are deduced from the estimations. In addition, the tumors were divided into four types as will be described hereunder, and each week a note was made of the type of each tumor.
Morphological Types. It proved relatively easy to divide the tumors into four macroscopic types. Few were hard to classify, and these all became clearly one type or another within 2 or 3 weeks. The four types were:
1. Sessile papillomata.-The sessile papillomata were small warts which never grew very large, never grew very quickly, and were never markedly keratinized.
2. Pedunculated papillomata.-The pedunculated papillomata were usually larger than the sessile papillomata and sometimes very large. They had a relatively thin stalk, and were markedly hyperkeratotic. Often they were of a fern-like or frond-like structure.
3. Conical tu'mor8.-The conical tumors were broad-based, with a solid conical horn of keratin and debris, and usually moderately large.
4. Carcinomata.-The carcinomata were rapidly growing, with an indurated and elevated edge. Infiltration of the underlying tissue was often obvious. The tumors sometimes ulcerated.
As the mice died the tumor-bearing skin was removed and fixed. The individual tumors were then identified from the charts. The great majority were sectioned, only some sessile papillomata being neglected. It proved easy to recognize the macroscopic types microscopically, as the microscopic description which follows shots.
1. Sessile papilkomata.
The sessile papillomata were of two sorts. In the first an outgrowth of fibrous tissue bulged the surface of the skin and was covered by epithelium. The fibrous tissue was dense, with few blood vessels and was not demarcated from the underlying dermis. The epidermis was only slightly thickened and slightly hyperkeratotic. All the layers of normal human epidermis could be identified. The rete pegs were thinned or lost altogeher. This sort of tumor was described by Bang (1922) in mice which had been painted with coal tar and was called by him " papillome ordinaire." They are not to be confused with the oedematous patches of Cramer and Stowell (1942) . PHILIPPE SHUB1K, RENATO BASERGA AND A. C. RITCHIE
The second type of sessile papilloma consisted mainly of epithelial tissue. The architectural pattern of the normal human epidermis was imitated, the epidermis being thickened from four to six times. The rete pegs were elongated and in places fused together. Hyperkeratinization was marked. The cells were regular in size, shape, and orientation; mitoses were rare, and the basement membrane wag intact (Fig. 1) . The underlying dermis was not notable. Tumors similar to this second type have been described by Sunderland, Smith and Sugiura (1951) in the mouse treated with carcinogenic cracked oil fractions, and by Rous and Kidd (1939) in tarred rabbit skin.
2. Pedunculated papillomata.
The typical tumor of this group arose with a long narrow stalk from skin without any abnormality other than the overall hyperplasia produced by the carcinogen. The stalk was of dense fibrous tissue with numerous blood vessels and was covered by epidermis which was, except for the absence of rete pegs, similar to that of the surrounding skin. The stalk was divided into from five to seven branches, usually thin, and all covered by markedly hyperkeratotic epithelium. The epithelium was greatly thickened, but the cells were orderly in size, shape and orientation. Mitoses were rare. A low power view of this kind of tumor is quite characteristic, with its stalk dividing into finger-like projections covered by thick epithelium with a tremendous amount of keratin (Fig. 2, 4) . Sometimes the stalk was shorter and broader, but the main features were always as described. In a few of these tumors the epithelium had broken through the basement membrane, and invasion was beginning. Tumors similar to the pedunculated papillomata have been noted by Sunderland et al. (1951) in mouse skin painted with carcinogenic oil, and by Rous and Kidd (1939) and Yamagiwa and Itchikawa (1918) in tarred rabbit skin. Yamagiwa and Itchikawa called them "stalked and broad based folliculo-adenomas" and Rous and Kidd " common papillomas." 3. Conical tumors.
These tumors consisted essentially of an epithelial crater extending deep into the dermis, but maintaining the usual hyperplastic architecture. The rete pegs were enlarged and elongated, but the epidermis was not greatly thickened. The cells were more irregular than in the papillomata. In some places there was a lack of normal orientation, and in others variation in cell size or shape. Mitoses were common. The basement membrane was always intact, though it should be remembered that the total number of these tumors was relatively few. The dermis usually showed a heavy infiltration of inflammatory cells (Fig. 3) . The horn seen grossly was of keratin and debris. These conical tumors have not been previously described, though they are similar to the " papillomes invagines " seen by Bang (1922) in tarred mice, and to the " frill horns " and " carcinomatoids" described by Rous and Kidd (1939) and by Friedewald and Rous (1944) in tarred and in benzpyrene painted rabbits.
Carcinomata.
The carcinomata were of two kinds, though transitions could be found. The first group was of squamous carcinomata similar to the well differentiated squamous carcinomata of human skin. Cords or clumps of cells invaded deeply into the dermis, often penetrating the muscularis. The cells were irregular in size, shape and organization, oftern eosinophilic or keratinized. Epithelial pearls could often be found (Fig. 5 ). Mitoses were numerous. The surface of the tumor was often hyperkeratotic. In a few cases a tumor of this type arose in a pedunculated papilloma. The second group was of anaplastic tumors. Sheets of closely packed cells invaded the dermis and muscularis. The cells were illdifferentiated, with bizarre nuclei and little cytoplasm. The mitotic rate was very high. There was little or no keratinization (Fig. 6, 7 ). Necrosis and polymorphonuclear reactions were common.
The microscopic subdivision of two of the macroscopic types, the sessile papillomata and the carcinomata, has been neglected in the discussion which follows. Biopsies are not permissible in a study of this kind (Deelman, 1923; Pullinger, 1943) , and so microscopy is not possible until the mice die. Therefore, as the object of this investigation was to study the changes that occur during the life of individual tumors, only macroscopic description was possible.
RESULTS.
Tables I and II record the total number of tumors produced, and the number of each macroscopic type present at various times in the course of the experiment. It can be seen that the survival rate was good. Except for 8 mice dying early in the experiment, all bore one or more carcinomata when they died, and most died of carcinoma. It will be seen that as time passed, and the total number of tumors produced increased, the ratio of pedunculated papillomata to sessile papillomata, and the ratio of carcinomata to sessile papillomata increased, though the ratio of pedunculated papillomata to carcinomata changed little. The number of conical tumors is too small to make such comparisons useful.
It was notable that very few tumors regressed, only 18 in the 899 produced. This is in marked contradistinction to the findings in experiments in which tumors are induced in mouse skin by a single application of carcinogen followed by repeated applications of croton oil. In such experiments, a great many tumors regress, 12 of 49, 59 of 98, and 91 of 179 (Berenblum and Shubik, 1949) . Comparable and even greater regression rates have been noted when tumors are induced in the skin of susceptible mice with a single large dose of a hydrocarbon, Mider and Morton (1940) , for example, noting a regression of some 70 per cent of the papillomata induced in C57 brown mice with a single application of methylcholanthrene. Progressions in growth rate were much less common. Most of the tumors grew at a steady rate throughout, in so far as the growth rate could be determined by the crude method used. However, definite changes in growth rate did occur. The tumors occurring in 4 individual mice have been charted in graphic form in Fig. 8 to 11, and will be described individually, each mouse having tumors with differing behaviors demonstrating the validity of one or other of Fould's proposals. All charts illustrate the validity of Rule 1: namely, that progression occurs independently in different tumors in the same animal. Each chart illustrates the tumors on one mouse, and in each can be seen instances in which one tumor progressed, while others on that same animal did not. This is an example of the wider principle expressed by Murray (1923) that at least in some cases the presence of a tumor in an animal does not influence the establishment or growth of another tumor. from one morphological type to another while growing at a constant rate. This type of progression, from one morphological type to another, without progression in growth rate, was much more common than progression in growth rate alone, as seen in this Chart in tumor d. Some tumors changed their morphological type though they were not growing at all. This is well illustrated by tumor c in Fig. 10 , and confirms the validity of Fould's Rule 3, that progression is independent of growth. In the same chart, in tumors a and b may be seen again a change in growth rate without a corresponding change in morphological type. A corollary of Fould's Rule 3 is that at its first clinical manifestation a tumor may be at any stage of progression. Table IV and Fig. 11 show that this was true of the tumors of this experiment. Tumor a in Fig. 11 was malignant at its first clinical appearance. Foulds also found progression independent of the size and clinical duration of the tumor. The charts illustrate examples showing that in this experiment too, progression could occur soon after the tumor appeared (tumor d in Fig. 8 ), or only long after (tumor d in Fig. 9 ), and that it occurred both in large and small tumors. Again, Foulds found that progression could take alternative paths of development. In this experiment this is most easily demonstrated by considering the .
PHILIPPE SHUBIK, RENATO BASERGA AND A. C. RICHIE fate of the tumors which first appeared as sessile papillomata. As is seen in Table III , there were at least eight different ways in which they progressed. The morphology of a sessile papilloma gave no clue as to whether it would progress, or whether it would not, and no clue as to the kind of progression which it would undergo. In a few instances it was apparent that only part of a tumor had progressed.
This was most clearly seen when part of a pedunculated papilloma progressed to carcinoma, breaking through the basement membrane to invade the dermis.
The invasive ill-differentiated carcinoma contrasted sharply with the highly differentiated frond-like structure of the rest of the pedunculated papilloma (Fig. 12, 13 Tumors induced in mouse skin by repeated applications of 9,10-dimethyl-1,2-benzanthracene have been found to progress, undergoing irreversible, qualitative changes in character. They have been found to change from one growth rate to another, and from one morphological type to another. Moreover, these two characters have been found to progress independently of one another in the same tumor. Similar progressions have been observed in other kinds of experimental tumor, in tumors of mouse skin induced by tarring (Mottram, 1934 (Mottram, , 1935 ; in spontaneous mammary tumors of mice (Foulds, 1949) ; in acetylaminofluorene induced tumors of mouse bladder (Foulds, 1950) ; and in transplantable fibroadenomata in rats (Foulds, 1951) . In each of these instances it has also been found that progression occurs independently in different characters in the same tumor.
These findings would seem to throw some light on the nature of these induced skin tumors. It would seem probable that they differ from normal tissue in more than one way, that the derangement which determines their morphological type is different from the derangement which determines their rate of growth. Otherwise it is hard to understand the independent progression of these characters. There is no reason to deny that these derangements might be in the same part of the cell, or of the same mechanism in it, but there is no reason to affirm it. Furthermore, if these tumors are complex, possessing several characters, differing from the normal, it is also notable that they are unstable. They pro-350 gress throughout their existence, changing to different types, reaching a series of different end-points within the life of the host. With this in mind, general concepts of the status of neoplasia as a pathological entity must eventually be considerably modified from present rigid viewpoints. SUMMARY. 1. The fate and progression of 899 tumors induced in 100 mice painted repeatedly with 9,10-dimethyl-1,2-benzanthracene have been studied.
2. Of 883 tumors arising as sessile papillomas, 96 became carcinomas. In addition, 4 tumors arose as carcinomas ab initio.
3. A step-wise transformation of different characters in these tumors was observed throughout their existence. This investigation was supported by a Cancer Control Grant from the National Cancer Institute of the National Institutes of Health, U.S. Public Health Service.
